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Abstract: Based on analyzing the working principle and building the mathematical 

model of load-sensitive axial piston pump, the simulation model of the piston pump is 

built with AMESim in this paper. By changing simulation load, multiple group of 

simulations are carried out and the key parameters in simulation results are analyzed. 

It can be shown from the analysis that the built simulation model can be operated 

stably and accurately reflect the actual working states of load-sensitive axial piston 

pump, which can provide theoretical basis for structural parameter design and 

performance measuring of load-sensitive pump. 
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1. Introduction 

The axial piston pump is an important power element in the hydraulic system, which is 

widely used in the hydraulic system of various mechanical equipment. Its performance 

directly affects the performance of the whole hydraulic system and the equipment. 

Therefore, the comprehensive performance analysis is of great significance to the use 

of the axial piston pump. The development of computer industry provides a new 

method for the study of hydraulic pumps. The researchers can simulate the hydraulic 

pump through simulation software, which not only shortens the research cycle of the 

pump, but also can fully understand the performance of the pump through simulation 

[1-3]. 

 
2. Working Principle of Load-sensitive Pump 

The load-sensitive axial piston pump has the advantages of good energy saving, high 

power density, high working pressure and high volumetric efficiency, which makes it 
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widely used in the hydraulic system of mechanical and electrical equipment. But 

because of complex structure and large number of components of the pump, the 

related research is not mature. In this paper, a type of load-sensitive pump is studied as 

example. 

The working principle of load-sensitive swash axial piston pump is changing the volume 

of piston cylinder with the reciprocating motion of piston and adjusting the swash plate 

angle depending on the load demand, to achieve the output flow with changes with 

load. The principle diagram is shown in Fig.1, in which the Lp  is the pressure of load 

and pp  is the pressure at output, and the flow rate can be adjusted by changing the 

orifice of throttle valve 5. The force balance equation of load-sensitive valve 1 in 

condition of rest is  

( )p L Sp p A F 
 

In which A  is spool area of load-sensitive valve and sF  is initial force of valve spool. 

When the opening of the throttle valve decreases, which means the demand for the 

load is reduced and the output flow is larger than the flow needed by load, the force 

loaded of the left chamber of load-sensitive valve is larger than the force of right 

chamber, which drives the spool to the right and the oil flows from the left chamber of 

load-sensitive valve and right chamber of pressure shut-off valve 2 to the load-sensitive 

cylinder 3. Because the action area of load-sensitive cylinder is larger than that of the 

spring cylinder 4, which causes the torque difference to decrease the swash angle and 

the output flow to the needed flow of the load. On the contrary, when the opening of 

the throttle valve increases, the swash angle and the output flow increase [4]. 

 
1. Load-sensitive valve 2. Pressure shut-off valve 3. Load-sensitive cylinder  

4. Spring cylinder 5. Throttle valve 

Fig 1. Principle diagram of load-sensitive pump 
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3. Building the Mathematical Model of Axial Piston Pump 

As shown in Fig. 2, the simplified structure diagram, the movement of piston of axial 

piston pump is controlled by valve-controlled cylinder, and the piston drives the 

inclination angle of swash plate to change the displacement of the pump. 

 
Fig 2. Diagram of variable execution structure 

 

It can be known that  

                                                     siny L                                                   (1) 

Where y the displacement of piston is in variable cylinder, L  is the displacement 

between the central points of swash and connect center of piston and swash,   is the 

inclination angle of swash. 

The maximum inclined angle of the swash of axial piston pump studied in this paper is 

17 degrees. With the variable pump working it can be approximated that 

                                                      sin                                                    (2) 

Therefore, 

                                                       
1


y L

                                                    (3) 

According to formula (3), the obliquity of the swash plate is proportional to the 

displacement of the piston. 

When the plunger operates one cycle with the transmission shaft, the theoretical flow 

rate of the pump is 

                                              
21

tan
4

pQ d nMR                                             (4) 

Where pQ the theoretical flow of is pump, n  is the rated speed of pump, d  is the 

diameter of piston, R  is the circular radius of piston distribution and M  is the number 

of pistons. 

It can be seen that the flow rate of the piston pump is not only related to the 

distribution of the piston, but also has a great relationship with the inclination of the 

swash plate and the displacement of the piston. To complete the dynamic performance 

simulation of the piston pump, these performance parameters must be known as well. 

The piston pump can only be accurately analyzed with the combination of the 
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mathematical model and the simulation analysis results. 

 

4. Building the Simulation Model of Axial Piston Pump 

Using Amnesia to build the model of load-sensitive pump, the main components are: 

port plate, swash plate, load-sensitive valve, and variable cylinder and so on. 

Fig.3 is a super component model of the port plate. The port plate needs to complete 

the distribution of the oil supply for the axial piston pump. In the modeling, the axial 

piston pump absorbs the oil when the cylinder's angle is in the range of 0~ π. When the 

axial piston pump is in the range of π~2 π, the axial piston pump will drain the oil and 

complete the oil absorption function in one circle. 

The swash plate is mainly simulated by the special sub model swash plate control 

mechanism and the inclined plate connection mechanism. As shown in Fig.4 and Fig.5, 

the swash plate control mechanism mainly accepts the change of the inclined angle of 

the swash plate from the signal of the variable cylinder, and the swash plate connection 

model mainly transfers the inclination change to the piston and other mechanisms. 

 
Fig 3. Model of port plate 

 
Fig 4. Model of swash plate control mechanism 

 

 
Fig.5 Model of swash plate connection mechanism 
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The load-sensitive valve mainly controls the movement of the valve spool through the 

change of the external pressure, thus controlling the motion of the variable piston. As 

shown in Fig.6, the working state of the control valve is simulated by the design of the 

element model in the HCD element library. The load-sensitive cylinder and the spring 

cylinder are merged into a variable cylinder model. As shown in Fig.7, the variable 

cylinder is the actuator of the variable of the axial piston pump. The change of the 

swash plate is driven by the change of the cylinder, and the HCD element library is used 

to design the model [5]. 

 
Fig 6. Model of load-sensitive valve 

 
Fig 7. Model of variable cylinder 

 

On the basis of key component modeling, a simulation model of five-piston 

load-sensitive pump is established according to the schematic diagram of load sensing 

pump, as shown in Fig.8. 

The main global parameter settings involved in the model are shown in Table 1. 

 

Table 1. Global parameter setting 

Variable name Parameter values Unit 

Circular radius of piston distribution 30 mm 

Piston clearance 0.005 mm 

Piston diameter 10 mm 

System pressure 315 bar 

Spool diameter of load-sensitive 

pump 

5 mm 

Maximum inclined angle 17 degree 
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Fig 8. Simulation model of load-sensitive pump 

 

5. Simulation Analysis of the Load-Sensitive Pump 

The dynamic simulation model simulates the change of the load by changing the cross 

sectional area of the throttle orifice, so it needs to be controlled by the input of the 

signal. The input signal and the corresponding cross section of the valve orifice change 

as shown in Fig.9 and 10. 

 
Fig 9. Curve of input signal       Fig 10. Change of cross section of the valve orifice 

 

Fig. 11 is a change curve of the inclined angle of the swash plate under the input of 

simulated load. From the diagram, it can be seen that the data in the initial stage of the 

pump will be stable after a short period of time, and then decrease with the decrease 

of the area of the valve port and stabilize at a certain value. As the pump continuously 
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adjusts the pressure due to the pressure compensation function, there will be some 

fluctuation in the curve. 

 
Fig 11. Curve of inclination angle of swash plate 

 

As shown in Fig.12 and 13, the flow and displacement changes of the axial piston pump 

after the working condition is changed. From the two diagrams, the flow change is in 

accordance with the movement of the piston, the load signal becomes smaller and the 

inclination angle of the swash plate becomes smaller, which leads to the small 

displacement of the plunger and the smaller flow of the plunger. As you can see, the 

larger the displacement of the plunger, the greater the flow pulsation of the pump, 

which is because the greater the displacement of the piston, the greater the piston 

stroke, the higher the content of the gas hole in the oil, the greater the flow pulsation 

in the oil, so that the working state of the pump will occur more unstable conditions 

when the working load is greater. 

 
Fig 12. Curve of piston displacement         Fig 13. Curve of output flow 

 

As shown in Fig.14, for the pressure change curve of the piston pump outlet, as the 

pressure of setting system is 5MPa, it can be seen in the diagram that the system 

pressure is kept in the 5MPa pressure range after a short wave, indicating that the 

variable mechanism of the pump can work normally, because the inclination angle of 

the inclined disk is maximum under the initial state, so the pressure will appear in the 
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start of the simulation. After the operation is stable, the curve keeps oscillating near 

5MPa because of pressure compensation. 

 
Fig 14. Pressure change curve           Fig 15. Volume efficiency curve 

 

According to the formula of volume efficiency 

                                             
1

v 1 1
t t

qq kp

q q Vn
                                                (5) 

where v  is volume efficiency, q  is actual flow, 1q  is the leakage flow, tq  is the 

theoretical flow, k  is the leakage coefficient, p  is the working pressure, V  is the 

displacement of the pump and n  is the rotation speed of pump. 

The output flow and inclination angle of several time nodes are selected, and the 

theoretical flow is calculated according to formula (4). Then the volume efficiency value 

at the selected time node is calculated, and the volume efficiency curve is obtained. 

From Fig.15, with the passage of time, the pump displacement decreases as the tilt 

angle of the pump decreases in the work, which leads to the reduction of the pump 

volume efficiency, which corresponds to the theoretical conclusion. 

 

6. Conclusion 

In this paper, the working principle of load-sensitive pump is analyzed, and Amnesia 

simulation software is used to build the model. By simulating the change of load, the 

parameters of the tilt angle, plunger displacement, flow and pressure are compared 

and analyzed in the simulation results. The simulation results show that the model can 

run normally, the related parameters can reflect the operating state of the actual 

load-sensitive pump, and provide a reasonable theoretical basis for the design, 

selection and use of the load-sensitive pump. 
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